Abstract Animal personalities have been a major focus of behavioral ecology over the past decade. Consistent individual differences in behavior have been found across taxa, and have been shown to influence a range of ecological processes. The role of personalities in sexual selection has been considered, and examples exist that show selection for personality traits with both assortative and disassortative mating patterns between personality types. One overlooked aspect of the personality and sexual selection literature is the potential for personality-signaling interactions, specifically with complex signaling. Complex signaling is a diverse topic in itself, and in short, consists of multiple signals within one or more modalities that interact to elicit a receiver response. Research into complex signaling has been thorough, although at times studies discover complex signaling systems that fail to fit into one of the existing hypotheses in the literature. Here, we argue that personalities may interact with complex signaling, which should be considered by researchers of both personality and sexual selection and communication. We describe several ways in which personality-complex signaling interactions could affect both the signaler and receiver, and the way in which they may drive personality-specific signals as well as receiver preferences. Finally, we discuss how considering personality in complex signaling studies may inform theory as well as improve the ability of researchers to accurately describe its function [Current Zoology 60 (3): 381-386, 2014 ].
Introduction
The study of consistent individual differences in behavior, or animal personalities, has come to be a major focus of behavioral ecology. Often these personality traits include aspects of behavior such as aggressiveness, boldness, sociability, or choosiness (Kortet and Hedrick, 2007; Niemelä et al., 2012; Wilson and Godin, 2009) . Animal personalities can have major fitness implications (Dingemanse and Réale, 2005; Smith and Blumstein, 2008) , and have been shown to influence ecological processes such as dispersal, invasion, response to climate change, and extinction risk (Chapman et al., 2011; Duckworth and Badyaev, 2007, Dyer et al., 2009; Pruitt, 2012; . While the behavioral ecology community has acknowledged that animal personalities may influence sexual selection and communication (Schuett et al., 2010) , the role of personalities in influencing complex signaling has been largely overlooked. Nevertheless, we argue that there is an intuitively clear and profitable connection between these fields. This paper focuses on this connection, and describes several ways in which animal personalities may interact with and influence complex communication in the context of sexual selection.
The review by Schuett et al. (2010) convincingly argues that sexual selection may play a role in both the generation and maintenance of variation in personality. Several recent studies have demonstrated that sexual signals may indeed correlate with personality traits. In the great tit Parus major, the amount of time a male spends singing, but not total repertoire size, is highly consistent and correlated with male exploratory behavior (Naguib et al., 2010) . In the Gouldian finch Erythrura gouldiae, black-headed morphs are more bold and less risk-averse than their red headed head counterparts (Williams et al., 2012) . In non-avian taxa, darker eumelanic Hermann's tortoises Eurotestudo boettgeri are more aggressive and bold than lighter individuals (Mafli et al., 2011) . Furthermore, a 2008 review by Ducrest et al. indicates that such melanin based traits frequently drive associations between signal quality and personality across a range of taxa (Ducrest et al., 2008) .
In addition to studies showing correlations between male sexual signals and personality, several studies have demonstrated female preference for male personality traits. The field cricket Gryllus integer is an established model for the study of personality (Kortet and Hedrick, 2007; Niemelä et al., 2012) , and males vary in boldness, or their willingness to expose themselves to risk. Females have been shown to have a preference for a number of male traits such as body size and acoustic call quality, and recently, male boldness (Kortet et al., 2012) . Specifically, females tended to prefer bold males over their shy counterparts. Female zebra finches Taeniopygia guttata also have also been shown to select males based on personality traits. Exploratory females prefer exploratory males over unexploratory males, while unexploratory females do not demonstrate a preference . Likewise, in spiders of genus Anelosimus, aggressive females prefer to mate with docile males, docile females prefer to mate with aggressive males, and all males prefer docile females (Pruitt and Riechert, 2009; (Doucet and Montgomerie, 2003; Elias et al., 2006; Kortet and Hedrick, 2005) . While sexual signals can act singly, they can also act in concert with other signals to create complex signaling displays Taff et al., 2012) . Complex signaling is a broad term which encompasses a range of signaling categories, all of which consist of two or more signals expressed in one or more modalities (termed muticomponent, multimodal, or multiple signal) (Hebets and Papaj, 2005) . The hypotheses for the existence of complex signaling fall into three primary categories: (1) Content based, where both signals convey information about the signaler such as quality, condition, species or location; (2) Efficacy-based, where multiple components aid in increasing the effectiveness of a signals transmission through the environment or processing by the receiver; (3) Inter-signal interaction, where multiple signals act in concert to elicit a response that is different from either signal alone (Hebets and Papaj, 2005) . While this frame work has been useful to the field, for the most part, it effectively overlooks the potential for consistent individual differences in behavior to influence complex signaling Collectively, there is little doubt that animal personalities correlate with sexual signals, and that even the personalities themselves are selected for by females. A natural extension of this relationship is that there could be potential for interaction between animal personalities and complex signaling. In this paper we argue that animal personalities could interact with complex signaling in important ways, and describe several situations in which such interactions might arise. We also describe why understanding the relationship between animal personalities and complex signaling is important both for the progression of theory in both fields, as well as the practical implications when studying either communication or animal personalities.
Personality -Complex Signaling Interactions
Complex signaling is undoubtedly an integral part of the sexual selection literature. As discussed previously, there are a number of hypotheses that explain the form (multimodal, multiple signals, etc.) and function (species recognition, efficacy backup, etc.) of complex signals. Yet, variation in signaler personality and how it may influence the makeup of complex signals is not considered. The role of receiver variation and its role in sexual selection has been reviewed extensively (Jennions and Petrie, 1997) , as well as integrated in the current theoretical complex signaling framework (Hebets and Papaj, 2005) . While a wide range of potential sources of variation are considered, which can be broadly summarized into genetic, environmental, and social factors, the role of consistent individual differences in behavior (i.e. personality), has been overlooked. Here we discuss several ways in which personality may interact with both complex signaling as well as receiver preference.
Different personality types are known to carry a range of costs. Aggression increases the risk of injury from agonistic interactions (Huntingford et al., 1987; Neat et al., 1998) , boldness and exploratory behavior can increase the risk of predation (Smith and Blumstein, 2008) , and social behavior can increase disease transmission (Altizer et al., 2003; Godfrey et al., 2010) . In fishes, angling pressures frequently select against bold and active individuals (Biro and Post, 2008) . Such costs are not always straightforward: a 2008 meta-analysis indicated that boldness generally reduced survival, yet exploratory behavior may have a positive effect on survival (Smith and Blumstein, 2008) . Similarly, sexual signals come with their own set of costs. Acoustic calls produced by many Orthopterans have high energy de-mands (Bailey et al., 1993; Hoback and Wagner, 1997) , and the sexual plumage carried by many birds carries several physiological and energetic costs (McGraw, 2008; McGraw et al., 2005) . Given the costs of both personality and sexual signals, individuals might be forced to make personality-signal tradeoffs as a result of energy constraints, or as a way to mitigate risk. For instance, bold and exploratory individuals may decrease acoustic signaling, which can attract predators (Walker, 1964; Zuk and Kolluru, 1998) , and instead invest in close-range signals that reduce predation risk. Alternatively, individuals may try to lower physiological costs if their personality does not maximize the associated signal's efficacy. Shy, inactive individuals spend less time in the open environment than their bold and active counterparts. This may result in reduced investment in visual signals, given that they have lower odds of being detected, while saving themselves the associated physiological costs. Energetic limitations may also constrain the production of an entire complex display, and thus force different personality types to make individualspecific signal investment decisions. For example, active/exploratory individuals investing more in shortrange sexual signals at a cost of long-range sexual signals, given their personality type will naturally increase encounter rate and decrease the need to attract mates from a distance. Variation in receiver personality might also result in similar changes. Shy receivers may be highly selective for acoustic sexual signals, since they will expose themselves and travel in an open environment in order to respond, while placing a lower priority on close-range sexual signals.
Perhaps one of the most likely personality-complex signal interactions is in cases of assortative mating by personality type. Generally, assortative mating is thought to be beneficial as it may improve reproductive success by increasing behavioral and/or genetic compatibility (Spoon et al., 2006; Tregenza and Wedell, 2000; Van Oers et al., 2008) . Assortative mating by personality is thought to be common, and has been demonstrated in several species (Ariyomo and Watt, 2013; Both et al., 2005; Budaev et al., 1999; Gabriel and Black, 2012; . For example, in the great tit Parus major, male-female pairs with similar exploratory behavior have the greatest offspring fledgling success (Both et al., 2005) . Similarly, orb weaving spiders have been shown to mate assortitively by aggressiveness type, and sons of aggressive pairs father more offspring (Kralj-Fišer et al., 2013) . Given the benefits of assortative mating by personality, and the potential difficulty of directly assessing personality type, one would expect an individual's complex signal profile (the relative contribution of individual components to the complex display) to correlate with personality type. Furthermore, receivers may prioritize complex displays that indicate the signaler is of a similar personality type. If active individuals are more likely to use visual signals, then active receivers may prioritize or show increased preference for visual components of a complex display relative to the components that are in other modalities.
Personality, by its very nature, affects a range of behavioral aspects, which in turn influence the way in which an organism interacts with its environment: Exploratory individuals will experience a wider range of a given habitat than their less exploratory counterparts, bold individuals will spend less time in shelters relative to shy individuals, and social individuals spend more time in aggregations than asocial individuals. These differences in microhabitat utilization may influence signal efficacy, and result in different "ideal" signal profiles for various personality types. Shy three-spine sticklebacks have been shown to spend more time in shelters and be less active (Brydges et al., 2008) , which could reduce the efficacy of visual signals for those individuals. In field crickets, bold, active, and aggressive individuals may get little benefit from acoustic calling to attract females given they are likely to have a high encounter rate regardless of their acoustic activity. And, conceivably, the additive increases in risk associated with bold behavior and acoustic signals may be too much for individuals to bear. On the other hand, shy, inactive individuals may experience greater benefits from using acoustic signals, even if they require investing less in other sexual signals (i.e. cuticular hydrocarbons). Receivers show the same differences in personality type as signalers, and experience the same personality-driven differences in microhabitat. Thus, receivers may prioritize signals differently based on personality, with, for example, shy and less exploratory individuals placing a larger emphasis on quality of acoustic signals than visual signals.
The hypothetical examples listed above are intentionally extreme because they are intended to illustrate how personality and complex signaling might interact. However, in nature, one would likely see animal personalities affecting more subtle components of complex communication. Rather than receivers with a given personality types outright ignoring one modality or signal component over another, or signalers only producing one component of a complex display, individual receivers will likely show some subtle variation in their level of discrimination, responsiveness towards a particular signal, or in the shape of the preference function for the different signals. Similarly, individual signalers will vary in the quality of one component relative another. Thus, we reason that careful and rigorous empirical studies will be required to illuminate these effects.
Implications
Interactions between personality and complex signaling have a host of behavioral, evolutionary, and practical implications. For one, interactions between these traits could drive the evolution of complex signals. Personality-driven differences in the efficiency of signal production could promote the evolution of multiple signaling strategies, given that one personality type might be able to produce a higher quality signal for a reduced cost relative to the other personality type. In much the same way, personality differences in receiver preferences and/or prioritization could promote the evolution of complex signaling through increased mating with their preferred signal profile. In addition to generating complex signals, personality-complex signaling correlations may also promote the maintenance of signal variation. Stochastic changes in the relative proportion of receiver personality types present in a population will have associated fitness effects on signal profile. For example, selection against receivers with active personalities and their associated preference for close-range signals could reduce the fitness of male personalities with the preferred signal profile.
Interactions between personality and complex signaling are also important for both those studying personality as well as complex signaling. Personality interactions are currently a hot topic, as they often explain or refine our understanding of behavior, ecology, and evolution. For example, several recent studies have demonstrated that fitness outcomes of predator-prey interactions are determined by the personality types of those involved (DiRienzo et al., 2013; Pruitt et al., 2012; Sweeney et al., 2013) . Such interactions refine our understanding of how personality affects fitness, but also demonstrate that predator-prey interactions are nuanced and may require an understanding of individual variation in multiple interactors concurrently. In much the same way, interactions between personality and complex communication are likely important for multiple subfields of behavioral ecology. For communication researchers, considering personality may explain a large proportion of unexplained variance in complex signal profile and receiver preferences. On the other hand, researchers focused on the link between sexual selection and personality may benefit by considering how signals and preferences have individual variation in the same way individual exhibit variation in a host of other behavioral traits.
At a basic level, those interested in personalitycomplex signaling interactions will benefit by including simple assessments of male and female personality. We recommend focusing on behavioral traits that carry potentially large costs, whether that be energetic costs of activity and aggression, potential injury that comes from aggression or boldness, or infection risk that is associated with increased sociality. While the incorporation of basic personality traits will likely help inform interactions, experimental manipulations are necessary to truly determine if there are fitness benefits associated with personality-complex signaling interactions. The methods for such experiments already exist, as they are frequently used by those studying complex signaling. The key is to consider personality and the relative fitness effects on different types simultaneously. For example, one could systematically increase or decrease the quality of individual components of complex signaling displays and measure the resulting differences in fitness. If personality-complex signal interactions are indeed taking place, then we would expect personality-specific fitness consequences for each manipulation. Alternatively, one could manipulate aspects of signal environment (i.e. substrate, percent cover, etc.) to determine if individuals gain higher fitness when their signal profile is in its preferred microhabitat. Assessing receiver personality-complex signaling interactions could be accomplished by manipulating single components of complex signals and measuring changes in preference by different personality types.
Conclusion
In summary, we argue that interactions between personality and complex signaling are potentially common in nature, given the number of ways in which they might take place. We recommend that future research be directed at the personality-complex signaling interaction by scientists in both fields. Doing so could yield powerful cross-fertilization of ideas that propel both fields forward towards gaining a deeper understanding of both how complex signals evolve and the subtle costs/benefits of animal personality.
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